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(54) Humidification apparatus 

(57) A humidifier and humidity sensor is disclosed 
for use with a breathing assistance apparatus. The hu- 
midity sensor preferably includes means to sense ab- 
solute humidity, relative humidity and/or temperature at 
both the patient end and humidifier end. The humidifier 



may also include provision to both control Independently 
the humidity and temperature of the gases. Further, a 
chamber manifold is disclosed to facilitate easy connec- 
tion of the humidifier to various outlets, inlets and sen- 
sors. A heated conduit is described which provides a 
more effective temperature profile along its length. 
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Description 

FiELD OF THE iNVENTION 

[0001] The present invention relates to tlie use of an 
humidif ication system particularly, but not solely, for pro- 
viding respiratory assistance to patients receiving me- 
chanical ventilation or respiratory support. 

DESCRIPTION OF THE PRIOR ART 

[0002] A number of methods are known in the art for 
supplying humidified gases to a patient requiring breath- 
ing assistance. Such prior art humidifiers generally com- 
prise a source of pressurised air (or other mixture of gas- 
es), a humidlfication chamber including a source of wa- 
ter and a heating means to vaporise the water, and a 
conduit to convey the humidified gases to the patient or 
user. 

[0003] For example US patent 4,038,980 describes a 
"flash vaporisation" humidifier where water drips onto a 
low thermal mass heater to create respiratory humidity. 
It mentions "control means may be provided automati- 
cally to regulate the water supply rate in response to 
means sensing the relative humidity", however they pre- 
fer a manual control of water flow rate. Thus it incorpo- 
rates a humidity sensor and controls the water rate, as 
opposed to controlling the amount of electrical heating. 
[0004] US patent 5,092,326 also describes the use of 
a humidity sensor in a humidifier. It describes a high fre- 
quency ventilation system that incorporates a heated 
humidifier and a humidity sensor, where these are linked 
to a central microprocessor. Apparatus is disclosed to 
moisten a gas mixture supplied to the ainway, and a mi- 
croprocessor controls the amount of moisture supplied 
to the gas mixture. While it discloses a humidity sensor 
at the patient airway, it doesn't describe the actual hu- 
mldiflcatlon configuration to be used. 
[0005] US patent 5,769,071 describes a humidifier in- 
corporating a heat and moisture exchanger (HME), sup- 
ply of water to the HME, heater element and humidity 
sensor. The humidity sensor can control humidity via 
water supply rate or temperature (via the heater ele- 
ment). Also the humidity sensor is described as being 
at the patient airway. 

[0006] US patent 5,988,164 describes a heated 
breathing tube system for use with a humidifier. This us- 
es a relative humidity sensor (located near the patient) 
to control the amount of heating provided by the heated 
breathing circuit so that the gas is at a constant level of 
relative humidity. The heated breathing circuit may use 
either electrical heating, or heating via warm recirculat- 
ing water in a tube. Also described is a method of control 
of the electric heater wire or heated water tube based 
on the output of relative humidity sensor. 
[0007] The previously mentioned US patents 
4,038,980 and 5,769,071 both describe humidifiers 
where the humidlfication chamber is located close 



(proximal) to the patient. These have the disadvantage 
of Introducing weight, heat and complexity near the pa- 
tient which is inconvenient and could be painful to the 
patient. Of the cited prior art only US patent 5,988,164 
5 specifically describes the humidlfication chamber as be- 
ing located remotely from the patient. 
[0008] There are several disadvantages of the prior 
art systems using a humidlfication chamber located re- 
motely from the patient. It is normally assumed that gas- 
to es leaving such prior art humidifiers are saturated with 
water vapour (100% relative humidity). However there 
is no guarantee that the gases leaving such humidifiers 
are in fact saturated with water vapour, in certain cir- 
cumstances (e.g. -with the incoming air already wamn), 
IS the gases leaving such humidifiers can be significantly 
less than 100% relative humidity. This is because as 
they are typically controlled to achieve a desired outlet 
gas temperature, which in such cases may not be much 
more than the incoming air. 
20 [0009] Another drawback of the prior art systems Is 
that condensation can occur in the (sometimes heated) 
conduits connecting the patient to the respiratory assist- 
ance equipment. This may occur if the temperature pro- 
file along such conduits is not even and allows some 
25 parts of the conduit to be colder than the gas at these 
points. 

[0010] A third disadvantage of such prior art systems 
is where the gas leaving the humidifier is at 1 00% rela- 
tive humidity it must be heated Immediately by some 
30 form of conduit heater or It may lose heat through the 
walls of the conduit, which results in condensation and 
therefore a drop in the amount of absolute humidity con- 
tained in the gas. 

[0011] Another fourth disadvantage of the prior art 
35 systems is the need for a sensor very nearto the patient , 
which adds to the weight and bulk of equipment at the 
patient's airway. 

[001 2] A fifth disadvantage of the prior art systems Is 
that intermittent or varying flow rates will cause the ab- 

40 solute humidity that is generated by the humidifier to be 
uneven. This is because the flow rate is varying faster 
than any control loop that might operate In such humid- 
ifiers. Air which passes through the humidifier at a high 
flow rate has had little time to be heated and humidified, 

45 while air that passes through the chamber at a low flow 
rate will be hotter and contain higher absolute humidity. 
Consequently it is difficult for a conduit in such prior art 
systems to transport these high humidity boluses with- 
out condensation and consequent loss of absolute hu- 

50 nnidity. 

SUMMARY OF THE INVENTION 

[001 3] It is therefore an object of the present invention 
55 to provide a humidlfication system which goes some 
way to overcoming the above mentioned disadvantag- 
es, or which will at least provide the public with a useful 
choice. 
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[0014] Accordingly In a first aspect the present Inven- 
tion consists in a humidification apparatus for humidify- 
ing a gases flow to be supplied to a patient or other per- 
son in need of such gases comprising: 

humidification chamber means and having an inlet 
and an outlet to allow said gases flow to pass 
through said humidification chamber means, 
chamber heating means provided adjacent said hu- 
midification chamber means and adapted to vapor- 
ise liquid water in said humidification chamber 
means in order to provide water vapourto said gas- 
es flow passing through said humidification cham- 
ber means, 

gases transportation pathway means connected to 
said outlet of said humidification chamber means to 
convey said gases flow to said patient or other per- 
son in need of such gases, 

characterised in tiiat 

humidity sensing means configured to provide an 
indication of the absolute humidity of said gases flow at 
least at one point In the flow path through said apparatus 
of said gases flow. 

[0015] In a second aspect the present invention con- 
sists In a humidification apparatus for humidifying a gas- 
es flow to be supplied to a patient or other person In 
need of such gases comprising: 

humidification chamber means and having an inlet 
and an outlet to allow said gases flow to pass through 
said humidification chamber means, 

ctiaracterised in that 

chamber heating means provided adjacent said hu- 
midification chamber rneans including wet heating 
means adapted to vaporise liquid water In said hu- 
midification chamber means in order to provide wa- 
ter vapourto said gases flow passing through said 
humidification chamber means and dry heating 
means adapted to directly heat said gases flow 
passing through said humidification chamber 
means, 

gases transportation pathway means connected to 
said outlet of said humidification chamber means to 
convey said gases flow to said patient or other per- 
son in need of such gases, and 
control means configured to energise said wet heat- 
ing means and said dry heating means to achieve 
a desired level of absolute humidity. 

[0016] In a third aspect the present invention consists 
in a humidification apparatus for humidifying a gases 
flow to be supplied to a patient or other person In need 
of such gases comprising: 

humidification chamber means and having an inlet 
and an outlet to allow said gases flow to pass 
through said humidification chamber means. 



chamber heating means provided adjacent said hu- 
midification chamber means and adapted to vapor- 
ise liquid water in said humidification chamber 
means In order to provide water vapourto said gas- 
es flow passing through said humidification cham- 
ber means, 

gases transportation pathway means connected to 
said outlet of said humidification chamber means to 
convey said gases flow to said patient or other per- 
son in need of such gases, and 

characterised in that 

regulated conduit heating means are associated 
with said gases transportation means and configured to 
regulate the temperature profile of said gases flow along 
said gases transportation pathway means and/or of said 
gases transportation pathway means, to substantially 
coincide with a predetermined profile. 
[001 7] In a forth aspect the present invention consists 
in a humidification apparatus for humidifying a gases 
flow to be supplied to a patient or other person In need 
of such gases comprising: 

humidification chamber means and having an Inlet 
and an outlet to allow said gases flow to pass 
through said humidification chamber means, 
chamber heating means provided adjacent said hu- 
midification chamber means and adapted to vapor- 
ise liquid water in said humidification chamber 
means In order to provide water vapourto said gas- 
es flow passing through said humidification cham- 
ber means, and 

characterised in that 

chamber manifold means including mounting 
means in use housing at least one sensing means in 
proximity to said outlet of said humidification chamber 
means said chamber manifold means configured to con- 
nect: 

said Inlet of said humidification chamber means to 
a supply conduit means said supply conduit means 
In use In fluid communication with a gases supply 
means for supplying said gases flow at a desired 
pressure, and/or 

said outlet of said humidification chamber means to 
a gases transportation pathway means for convey- 
ing said gases flow to said patient or other person 
in need of such gases. 

[0018] To those skilled In the art to which the Invention 
relates, many changes in construction and widely differ- 
ing embodiments and applications of the invention will 
suggest themselves without departing from the scope 
of the invention as defined In the appended claims. The 
disclosures and the descriptions herein are purely illus- 
trative and are not Intended to be In any sense limiting. 
[001 9] The invention consists in the foregoing and al- 
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so envisages constructions of which the following gives 
examples. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] One preferred f omn of the present invention will 
now be described with reference to the accompanying 
drawings in which; 

Figure 1 shows an example of an humidification 
system, comprised of three parts, 
Figure 2 shows a chamber which incorporates a 
metal element, 

Figure 3 shows a chamber using a porous material 
to provide a heating and humidifying function, 
Figure 4 shows a chamber using a semipermeable 
membrane, 

Figure 5 shows a chamber with a variable valve to 
adjust the ratio of gas which are bypassed, 
Figure 6 shows a chamber with an adjustable valve 
30 where one part of the gas gets humidified while 
the other is heated, 

Figure 7 shows a chamber where the dry gas en- 
tering chamber is pre-heated, 
Figure 8 shows a chamber where the dry gas en- 
tering chamber is heated after leaving the chamber, 
Figure 9 shows a chamber combined with an un- 
heated, well insulated delivery tube, 
Figure 10 shows construction of a tube incorporat- 
ing flexible PTC elements in a parallel wire config- 
uration, 

Figure 11 shows a humidifier configuration using the 
tube in Figure 10, and 
Figure 12 shows a chamber manifold. 

DETAILED DESCRIPTION OF THE INVENTION 

[0021] Figure 1 illustrates a typical respiratory humid- 
ification system, comprised of three parts: 

1) a humidification chamber located at a distance 
from the patient, which heats and substantially sat- 
urates gases flowing through it ; 

2) a delivery system consisting of a flexible tube 
which carries humidified gases from the humidifica- 
tion chamber 1 to the gas outlet 5 ; and 

3) a heater base which heats the humidification 
chamber 1 and provides measurement and control 
functions. 

[0022] The gas to be humidified flows into the cham- 
ber 1 from port 4 and leaves the delivery system 2 at 
gas exit port 5. Gas from exit port 5 flows to a patient 
via a face mask or similar (not shown). The system is 
controlled using sensors located at positions 7 and 8 - 
typically temperature probes. Dry gases atthe gas input 
4 are heated and humidified by passing overthe surface 
of hot water 6 in the chamber 1 so that they are substan- 
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tially saturated with water vapour when they leave 
chamber 1 at exit port 1 0. Hot water 6 is heated by heat- 
er plate 9 and the amount of heating Is controlled so that 
the gas reaches a predetemnined temperature at exit 
port 10. This temperature is measured by sensor 7. 
Therefore the humidification chamber 1 acts to heat and 
humidify the medical gases so that they are substantially 
saturated at the output of chamber 1 , and arc at a pre- 
detemriined temperature. 

[0023] The gas delivery system 2 (also known as a 
delivery tube or breathing circuit) consists of a flexible 
tube 11 containing a heater 12, which may consist of a 
heated resistance wire. The gas from the humidification 
chamber 1 passes through the tube 11 and is heated by 
heater 12 to offset heat losses through the walls of tube 
11 . The amount of heating applied to heater 12 is regu- 
lated so that the gas reaches a predetemnined temper- 
ature at gas outlet 5, as measured by sensor 8. The con- 
trol temperature at sensor 8 is usually higher than the 
20 control temperature at sensor 7, so that the gas is heat- 
ed along tube 11 to ensure that condensation doesn't 
occur in the tube. 

[0024] The system as described has gas entering gas 
inlet 4 from a continuous flow gas source (not shown) 
25 and exiting the system through gas outlet 5. However 
the system is equally applicable where the gas source 
is a ventilator, which creates intemriittent flow patterns 
to provide breaths to a patient. In this case gas outlet 
port 5 is connected directly to gas inlet port 16. The pa- 
30 tient is connected to port 1 7 via an endotracheal tube or 
similar (not shown). During patient inspiration dry gases 
from the ventilator enter the system at inlet port 4, pass 
through chamber 1, delivery system 2, pass through 
wye-piece 1 3 and reach the patientthrough port 1 7. Dur- 
35 ing patient exhalation gases pass back through port 17, 
through wye-piece 13, tube 14 and leave through gas 
outlet port 18. Tube 14 may also be heated by heater 
1 5 to prevent condensation. 

40 Absolute humidity sensing 

[0025] Humidifiers incorporating humidity sensors for 

display or control have been described in the prior art, 
however all used humidity sensors which were posi- 
45 tioned at the patient airway. The current work describes 
novel humidifier configurations incorporating a humidity 
generating chamber located at a position which is re- 
mote from the patient, a heated breathing circuit to 
transfer humidity to the patient, and humidity sensors to 
50 control the level of absolute or relative humidity supplied 
1 0 the patient, These humidity sensors are to be located 
either: 

1) at the chamber outlet only, 
55 2) at both the chamber outlet and near the patient, 
or 

3) near the patient only. 
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[0026] One aspect of the present invention would be 
to use a humidity sensor as sensor 7. The purpose of 
humidity sensor 7 is to determine the absolute amount 
of humidity which is being generated by chamber 1 . Ac- 
cordingly an absolute humidity sensor would be ideal for 5 
use as sensor 7, although the use of a relative humidity 
sensor with associated temperature sensor could equal- 
ly be used. This system has the advantage of creating 
a controlled level of absolute humidity at chamber outlet 
10, however this level of absolute humidity may not io 
reach the patient if condensation is allowed to occur in 
tube 11. 

[0027] An alternative system which would overcome 

this disadvantage is to use a second absolute humidity 
sensor at point 8 instead of a temperature sensor, The is 
difference in absolute humidity between sensors 7 and 
8 allows the humidifier to determine whether condensa- 
tion is occurring between the two points, If the two ab- 
solute humidity sensors 7 and 8 read the same level of 
absolute humidity then no condensation is occurring in 
the tube. If the absolute humidity at sensor 7 is greater 
than at sensor 8. then the difference shows the rate of 
condensation that is occurring. 

[0028] One control strategy would be to control the 
amount of heating provided to heater 1 2 so that the ab- 25 
solute humidity difference is reduced to zero. However 
the tube may still contain mobile condensate because 
the humidity difference only describes the rate of con- 
densation, not the absolute amount of condensate in the 
tube. Another control strategy is to remove this conden- 30 
sate and hence create a dry tube by heating heater 12 
so that the rate of measured condensation is negative 
(i.e. condensation Is being evaporated in tube 11) until 
the measured condensation rate reaches zero, indicat- 
ing that all of the condensate has been removed. The 35 
amount of heating can then be reduced until the sensors 
show that condensation has just started to occur, then 
the heating can be increased slightly to the optimum lev- 
el. Drying out of the tube may be a continuous process, 
or may be Initiated at regular time intervals. 40 
[0029] Another variation of the system shown in Fig- 
ure 1 would be to use a temperature sensor for sensor 
7 and an absolute humidity sensor at point 8. This sys- 
tem is simpler than having an absolute humidity at both 
points 7 and 8. In operation the controller would have to 45 
adjust the amount of heating at heater 12 and heater 
plate 9 so that the correct level of absolute humidity was 
reached without condensate in delivery tube 12, In prac- 
tice two separate control algorithms would be required, 
one to control the amount of heating occurring in tube so 
11 so that no condensation occurred, and another to 
control heater plate 9 so that the desired level of abso- 
lute humidity was generated in chamber 1 . The two al- 
gorithms could work concurrently because the heater 
plate 9 will respond slower than heater 12, so quick ss 
changes in absolute humidity would indicate the action 
of heater 1 2. Sensor 7 provides a control point for heater 
plate 9, but may not be needed. 
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Low relative humidity chambers 

[0030] All systems described so far have used a 
chamber 1 which attempts to humidify the gas leaving 
gas outlet 10 to a high level of relative humidity. While 
this condition isn't essential for the correct operation of 
the new humidificatlon configurations just described be- 
cause they use humidity control, it was essential for the 
prior art humidifier where control Is purely based on tem- 
perature. However there are some advantages to be 
gained from using a chamber which heats gases to the 
correct absolute humidity, but at a low relative humidity 
(i.e. the temperature of the gas is higher than the dew- 
point of the gas, therefore the gas is not saturated). 
[0031] The first advantage Is that it is easier to design 
a heated delivery system to transport such a gas without 
condensation, since the gas doesn't need to be heated 
immediately after it enters the delivery tube to prevent 
condensation. Secondly, the use of low relative humidity 
gases leaving the chamber means that the heater ele- 
ment 12 can be rated at a lower power than would oth- 
erwise be the case, as the gas already has a higher en- 
ergy content and can tolerate a greater loss of anergy 
before the gas condenses in the tube 12. It may even 
be possible to use an unheated, well insulated breathing 
circuit instead of a heated breathing circuit if the cham- 
ber provides gas with enough energy, Note that low rel- 
ative humidity chambers can only be used If the heating 
to the chamber is controlled using an absolute humidity 
sensor, not a temperature sensor, since otherwise the 
absolute humidity output would be too low. 
[0032] To this end, some humidif ication chamber con- 
figurations which provide a high temperature, low rela- 
tive humidity gas output are shown in Figures 2 - 8. Fig- 
ure 2 shows a chamber which Incorporates a metal el- 
ement 20 (e.g. a spiral scroll shape), but without wicking 
paper attached, This provides both dry besting (via the 
metal element) and heated humidif ication from the heat- 
ed water 21 . With this configuration the chamber 1 9 pro- 
vides gas which Is not saturated because some of the 
heating provided to the gas is dry heating via the metal 
scroll. The relative humidity generated by the chamber 
Is affected by the gas flow path, scroll shape, dimen- 
sions, and the water level, and so is not readily adjust- 
able in use. However chamber 19 does give the con- 
densate reducing advantages provided by a low relative 
humidity, controlled absolute humidity output. 
[0033] Figures 3 and 4 are alternative humidificatlon 
chambers which provide low relative humidity, high tem- 
perature gases at their output. Figure 3 shows a cham- 
ber using a porous material 22 (such as a porous ce- 
ramic) containing water 23 to provide a heating and hu- 
midifying function, while Figure 4 shows a chamber us- 
ing a semipermeable membrane 24 to provide a barrier 
to the water 25 in the chamber. In both cases these 
chambers provide dry heating via the porous or semi- 
permeable material, as well as heated humidificatlon 
from the water. In both cases the ratio of heating to hu- 
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midifying is fixed and cannot be easily adjusted except 
by limiting the water supply. 

[0034] Figures 5 to 8 show chambers that can supply 

gases at varying levels of relative humidity and temper- 
ature. In Figure 5 a variable valve 26 allows us to adjust 
the ratio of gas which passes through the dry bypass 
tube 27 to that which flows across the surface of the wa- 
ter 28. The bypass tube passes under the water to heat 
the gas. The two gas streams merge at the output 29. 
This is an example of a "parallel" system where the gas 
splits and takes two different paths to provide heating 
and humidification. in Figure 6 the gas Is again split into 
two gas paths using an adjustable valve 30. One part of 
the gas gets humidified by passing across the water 31 
in chamber 32, while the other is heated by heater 58, 
which surrounds tube 33. The gas paths merge at junc- 
tion 34. 

[0035] The angle of variable valves 26 and 30 In Fig- 
ures 5 and 6 may be pemianently set, may be manually 
adjustable, or may be automatically adjustable. One ad- 
vantage of an automatically adjustable valve would be 
to provide a constant level of humidity out of the cham- 
ber when used with intermittent flow rates, for example 
when used with a ventilator. These flow patterns can be 
a problem because parts of the breath cycle contain less 
humidity than other parts, due to the chamber providing 
less humidity at higher flow rates. One way to overcome 
this problem Is to measure the instantaneous flow rate 
using a fast response flow sensor, and then rapidly ad- 
justing the angle of the variable valve. A more practical 
method of achieving this effect would be to spring-load 
valves 26 and 30 using springs 70 and 71. This would 
mean that low flow rates would mostly pass through the 
bypass tubes, while high flow rates would operate the 
spring-loaded valve and allow more gas to pass across 
the water in the humidification chamber. The angle of 
the spring-loaded variable valve could also be used by 
the humidifier to measure the gas flow rate. 
[0036] Figures 7 and 8 show alternative series con- 
figurations for low relative humidity chambers, where 
the dry gas entering chamber 35 containing heated wa- 
ter 36 is either pre-heated via heater 37 In Figure 7, or 
heated via heater 38 In Figure 8 after leaving the cham- 
ber. In both cases the heater provides dry heating to the 
gas and results in a low relative humidity, high temper- 
ature gas leaving outlet 39. 

[0037] Any of the low relative humidity, high temper- 
ature chambers shown in Figures 2 to 8 can be used In 
conjunction with the humidity control schemes de- 
scribed previously in this patent, but not successfully 
with the prior art humidifier due to it being temperature 
controlled, not humidity controlled. 

Insulated delivery tube 

[0038] Another facet of the invention is shown in Fig- 
ure 9. Here the low relative humidity, high temperature 
humidification system from Figure 8 has been combined 



with an unheated, well insulated delivery tube. The in- 
coming gas enters at port 35 into the standard humidi- 
fication chamber 36 containing water 37 which is heated 
by heater plate 38. The gas is substantially saturated in 
5 the chamber then leaves the chamber through gas out- 
let 39 and enters heated tube section 40 which heats 
the humid gas to a higher temperature, so that it has a 
low relative humidity. The gas then passes through tube 
41 which has an insulating layer 42 around it. Preferably 
10 the insulating layer is a thin jacket of stagnant air which 
reduces heat loss. As the high temperature gas, low rel- 
ative humidity gas passes through the insulating tube, 
a small amount of heat is lost through the tube walls, 
and therefore the gas cools. However the amount of 
15 heating applied to heater 40 is controlled, so that the 
gas is never allowed to cool below its dewpoint, which 
would result in condensation within tube 41 . 
[0039] Several different sensor configurations are 
proposed. Firstly, sensor 43 could be an absolute hu- 
20 midity sensor which controls heater plate 38 so that 
chamber 36 produces the desired level of humidity. In 
one embodiment sensor 45 is a temperature sensor, 
which controls heater 40 so that the gas passing sensor 
45 remains at a certain desired temperature. If this tem- 
25 perature is greater than the dewpoint of the gas at sen- 
sor 43, then condensation should not occur In tube 41 . 
However there may already be condensate in tube 41 
when the humidifier is turned on. If a humidity sensor Is 
used for sensor 45 instead of a temperature sensor, then 
30 the level of condensate occurring in the rube 41 can be 
controlled. The algorithms described earlier in this pat- 
ent for dual-humidity sensor control can be used with 
this system. 

[0040] An alternative location for the absolute humid- 
35 ity sensor is at position 44 instead of 43. The absolute 
humidity here should be the same as at 43 because the 
gas has been heated and so hasn't lost any moisture. 
However there may be advantages to placing the abso- 
lute h umidity sensor at 44. for instance due to better sen- 
40 sor operation in a low relative humidity environment This 
location for the absolute humidity sensor can be used 
with either a temperature or absolute humidity sensor at 
location 45. 

45 Humidifier configurations without any patient 
airway sensors 

[0041] Yet another aspect of this patent relates to re- 
moving the need for a sensor at the patient airway To 
50 remove this sensor safely, we must be certain that the 
gas entering the delivery tube has a safe level of tem- 
perature and absolute humidity, and that the surfaces 
inside the delivery tube do not exceed safe temperature 
levels, This implies a delivery tube that has a constant 
55 internal wall temperature, 

[0042] It would be desirable, therefore, to have a heat- 
ed delivery tube which self-regulates its temperature at 
a desired level. The heater could either be embedded 
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in the wall of the delivery tube itself, or it could lie inside 
the lumen of the delivery tube, or it could be wrapped 
around the outside of the delivery tube. Such a heater 
could be made from positive temperature coefficient 
(PTC) material (such as "Winterguard" from Raychem 
Corp., Menio Park, California USA), so that the resist- 
ance of the heater Increases If the heater Is hot, resuiti ng 
in reduced power. However the delivery tube may pass 
through more than one environment, or may have local- 
ised drafts present on certain parts of the rube. If the 
PTC elements are arranged in parallel, then the full ben- 
efit of the PTC heater can be envisaged. If the PTC el- 
ements are arranged in parallel, then the cold portions 
of the tube will have a lower resistance, which will result 
in more heat being dissipated Thus the tube will tend to 
regulate Its own temperature. 

[0043] Figure 10 shows construction of a tube Incor- 
porating flexible PTC elements in a parallel wire config- 
uration. The tube 48 is made of a flexible PTC material, 
which has two low resistive strip connections, 46 and 
47, on either side of It. This allows each portion of the 
tube to consist of short conducting segments of tube 
connected in parallel between conductors 46 and 47. 
These segments are represented by dotted lines encir- 
cling the tube in Figure lO.The conductors 46 and 47 
are connected to adjustable voltage source 49, which 
may be AC or DC. The tube would have an outer layer 
(not shown) which provides electrical insulation and 
thermal insulation to thetube Each longitudinal segment 
of the tube will be able to regulate its own temperature 
independently of the rest of the tube. To enhance this 
operation, it may be necessary to provide parallel slots 
50 running perpendicular to the axis of thetube, to elim- 
inate electrical cross-connection between the different 
PTC segments. 

[0044] Although one specific PTC heated tube design 
has been envisaged and described, other PTC tube de- 
signs could be used. It may also be of advantage to cre- 
ate a PTC tube that has a differing temperature profile 
along its length rather than a constant temperature pro- 
file The PTC design could also be extended to incorpo- 
rate PTC heaters in other parts of the patient breathing 
circuit, such as the flexible extension tube which is usu- 
ally connected between the Y-piece (port 17 of Figure 
1) and the patient's endotracheal tube. A further exten- 
sion of the PTC tube concept would be into a self-heated 
and temperature controlled endotracheal tube. 
[0045] The PTC tube described in Figure 1 0 allows us 
to create a humidifier which doesn't use any sensor at 
the patient airway. Figure 11 shows a humidifier config- 
uration using this tube. Gas enters humidification cham- 
ber 52 via inlet port 51 and is humidified by water 53, 
heated by heater plate 54. Absolute humidity sensor 55 
controls the heater place so that the gas passing sensor 
55 is at a desired level of absolute humidity. PTC tube 
66 is heated by an external voltage (not shown) so that 
the internal surface temperature Is at a constant desired 
temperature, which is selected to be above the dewpoint 



of the gas. The gas which leaves tube 56 at outlet 57 
will therefore be near the temperature of the tube, and 
containing the desired level of absolute humidity which 
was controlled by absolute humidity sensor 55. 

5 [0046] A variation of the system shown in Figure 11 
would be to use a temperature sensor at position 55. 
Another variation of a tube with a constant Internal wall 
temperature would a delivery tube with heated water or 
other fluid pumped through smaller conduits in the wall 

10 of the delivery tube, Since the heated fluid has a high 
specific heat relative to air, the temperature of the fluid 
remains fairly constant during passage through the de- 
livery wall, conduits. 

15 Use of a sensor / heater manifold 

[0047] Traditional humidifiers have tended to use sen- 
sors that are probe shaped, so that they can be inserted 
through specifically designed holes in the side of the 
20 breathing circuit to measure temperature. However the 
humidifier configurations that have been described in 
this patent incorporate many sensors around the cham- 
ber, so the use of a manifold 59 as shown in Figure 12 
may be useful. 

25 [0048] The humidification chamber 60 is a removable 
item which can be slid onto the humidifier base 61 as 
shown in Figure 12. As the chamber 60 is slid onto the 
humidifier base 61 , its base makes contact with heater 
plate 62 and its inlet and outlet ports 63 and 64 make 

30 contact with holes 67 and 68 inside the manifold 59. Dry 
air to be humidified enters the manifold at port 65, pass- 
es out of the manifold through port 67, and flows through 
port 63 into the chamber 60, where it is humidified. 
[0049] After leaving chamber 60 the humid gas pass- 

35 esthroughchamberport64 into manifold port 68. Finally 
the humid gas leaves manifold 59 through port 66 and 
passes to the breathing circuit. 

[0050] The manifold may be a separate, removable 
assembly, or it may be an integral part of the humidifier 

40 base. It may contain temperature sensors, humidity sen- 
sors, flow sensors, or a heater element. These would 
be located inside the manifold 59 at positions 72 and 73. 
The manifold 59 may be heated to prevent condensation 
of humid gas. It could connect to both chamber ports 63 
and 64 as described, or It may only connect to the outlet 
port 64. One advantage of using a manifold is that many 
sensors or heaters can be combined in a single; clean- 
able assembly, rather than requiring separate probes 
which need to be plugged into the breathing circuit. This 

50 simplifies connection and setup for the user. Another ad- 
vantage of a manifold Is that the Incoming dry gas tem- 
perature and flow rate can easily be measured without 
additional probes and connections. 

55 Variations on the described configurations 

[0051] Although absolute humidity sensors have 
been described with all of the different humidification 
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schemes described in this patent, relative humidity sen- 
sors could also be used. This may Involve slightly differ- 
ent control algorithms to the ones described in this pat- 
ent. Alternatively, a relative humidity sensor could be 
combined with a temperature sensor This allows the ab- 
solute humidity to be calculated from relative humidity 
and temperature, rather than being measured directly. 
[0052] All of the novel humidification schemes that 
have been described in this patent could be used with 
additional temperature sensors. These may provide ad- 
ditional benefits such as providing a safety backup in 
the event of a failed humidity sensor. Another benefit 
would be maintaining the temperature being delivered 
to the patient within certain limits so that the relative hu- 
midity is not too low, even though the absolute humidity 
was acceptable, 

[0053] Similarly it may be useful to measure the air 
flowrate through the humidifier, as this is an important 
parameter which affects humidifier control. Therefore 
flow sensors could be incorporated within any of the pre- 
viously described systems. One useful prior art flow sen- 
sor construction would be to use a sensor based on heat 
loss from a hot element in the airstream. If a heated hu- 
midity sensor is used, the amount of beating that is re- 
quired for the sensor to achieve temperature can be 
used to determine the gas flow rate. 
[0054] Infection control is a prime consideration when 
designing medical components, To prevent bacterial 
colonisation of the components in the humidification 
system, any parts which come in contact with the gas 
stream could be made out of antibacterial plastic. To pre- 
vent contamination of sensor probes, the probe ports 
could incorporate a disposable sheath which protects 
the probe from pathogens in the breathing circuit. This 
would be particularly applicable to temperature probes. 
In general humidity probes need to have contact with 
the gas stream so a disposable sheath would be inap- 
plicable to humidity sensors, unless they worked on op- 
tical principles, or unless the sheath was made of water 
vapour permeable material, which did not allow the pas- 
sage of pathogens. The protective sheath could be an 
integral part of a disposable breathing circuit. 
[0055] The features disclosed in the foregoing de- 
scription, in the following claims, and/or the accompa- 
nying drawings may, both separately and in any combi- 
nation thereof, be material for realising the invention in 
diverse forms thereof. , 



Claims 

1 . A humidification apparatus for humidifying a gases 
flow to be supplied to a patient or other person in 
need of such gases comprising: 

humidification chamber means (1) and having 
an inlet (4) and an outlet (10) to allow said gas- 
es flow to pass through said humidification 
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chamber means (1), 

chamber heating means (9) provided adjacent 
said humidification chamber means (1) and 
adapted to vaporise liquid water (6) in said hu- 
5 midif Ication chamber means (1 ) in order to pro- 

vide water vapour to said gases flow passing 
through said humidification chamber means 
(1). 

gases transportation pathway means (11) con- 
to nected to said outlet (1 0) of said humidification 
chamber means (1) to convey said gases flow 
to said patient or other person In need of such 
gases, 

15 characterised in ttiat 

humidity sensing means (7, 8) configured to 
provide an indication of the absolute humidity of 
said gases flow at least at one point in the flow path 
through said apparatus of said gases flow. 

20 

2. A humidification apparatus as claimed in claim 1 fur- 
ther comprising control means which receives as in- 
puts the output from said humidity sensing means 
(7, 8) and said control means configured to estimate 

25 the rate of condensation of the vapour from said 
gases in said gases transportation pathway means 
(11). 

3. A humidification apparatus as claimed in claim 2 
30 wherein said humidity sensing means Including a 

first absolute humidity sensor (7) in substantial 
proximity to said outlet (10) of said humidification 
chamber means (1). 

35 4. A humidification apparatus as claimed in cjaim 3 
wherein said gases transportation pathway means 
(1 1 ) having a patient end (5), distal to said end con- 
nected to said outlet (10) of said humidification 
chamber means (1), and said humidity sensing 

40 means further comprising a second absolute hu- 
midity sensor (8) in substantial proximity to said pa- 
tient end (5) of said gases transportation pathway 
means (2). 

45 5. A humidification apparatus as claimed in claim 4 
wherein said estimate of the rate of condensation is 
based on the difference between the absolute hu- 
midity at said outlet (10) of said humidification 
chamber means (1), as indicated by the output of 

50 said first absolute humidity sensor (7), and the ab- 
solute humidity at said patient end (5) of said gases 
transportation pathway means (1 1 ), as indicated by 
the output of said second absolute humidity sensor 
(8). 

55 

6, , A humidification apparatus as claimed in any one 
of claims 1 to 5 further comprising conduit heating 
means (12) adapted to heat said gases flow in said 
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gases transportation pathway meaiis (11) and/or 
said gases transportation patliway means (11), and 
said control means configured to energise said con- 
duit heating means (12) depending on at least said 
estimate of the rate of condensation, in order to min- 5 
Imise any condensation of the vapour from said 
gases In said gases transportation pathway means 
(11). 



7. A humidification apparatus as claimed in any one io 
of claims 1 to 6 further comprising conduit heating 
means (12) adapted to heat said gases flow In said 
gases transportation pathway means (11) and/or 
said gases transportation pathway means (11), and 
said control means configured to: is 

i) energise said conduit heating means (1 2) de- 
pending on at least said estimate of the rate of 
condensation, to a level appropriate to substan- 
tially vaporise any liquid condensate present in 20 
said gases transportation pathway means (1 1 ); 
and 

ii) energise said conduit heating means (1 2) de- 
pending on at least said estimate of the rate of 
condensation, to a levei appropriate to mini- 25 
mise any condensation of the vapour from said 
gases in said gases transportation pathway 
means (11). 

8. A humidification apparatus as claimed in claim 7 30 
said steps (1) and (ii) are repeated continually at reg- 
ular intervals. 

9. A humidification apparatus as claimed in claim 7 
wherein said steps (I) and (ii) are alternated at reg- 35 
ular intervals. 

10. A humidification apparatus as claimed in claim 2 
wherein said gases transportation pathway means 
(11) having a patient end (5), distal to said end con- 40 
nected to said outlet (10) of said humidification 
chamber means (1) said humidity sensing means 
comprising a first temperature sensor (7) In sub- 
stantial proximity to said outlet (10) of said humidi- 
fication chamber means (1 ) and an absolute humid- ^5 
ity sensor (8) In substantial proximity to said patient 
end (5) of said gases transportation pathway means 
(11). 

11. A humidification apparatus as claimed in claim 10 so 
further comprising conduit heating means (12) 
adapted to heat said gases flow in said gases trans- 
portation pathway means (11) and/or said gases 
transportation pathway means (11), and said con- 
trol means configured to energise said conduit heat- ss 
ing means (12) depending on at least said estimate 

of the rate of condensation, at a level appropriate 
to minimise any condensation of the vapour from 
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said gases in said gases transportation pathway 
means (11) as well as convey said gases flow to 
said patient or other person in need of such gases 
substantially at a predetennined level of absolute 
humidity. 

12. A humidification apparatus as claimed in claim 1 
wherein said humidity sensing means (7, 8) com- 
prising at least a temperature sensor and at least 
one relative humidity sensor providing an indication 
of the temperature and relative humidity at least at 
one point in the flow path of said gases flow through 
said apparatus. 

13. A humidification apparatus as claimed in any one 
of the preceding claims wherein further comprising 
flow sensing means adapted to provide an indica- 
tion of the rate of flow of said gases flown through 
said apparatus. 

14. A humidification apparatus as claimed In claim 13 
wherein said flow sensing means comprising a 
heated element adapted to maintain a substantially 
constant temperature and being provided in the flow 
path of said gases through said apparatus, the heat 
loss therefrom providing an indication of the rate of 
flow of said gases. 

15. A humidification apparatus as claimed in any one 
of the preceding claims wherein said humidity sens- 
ing means further comprising disposable cover 
means for providing a substantial barrier to micro- 
organisms between said flow of gases and said 
temperature sensor. 

16. A humidification apparatus as claimed in any one 
of claims 1 to 14 wherein said humidity sensing 
means (7, 8) further comprising porous disposable 
cover means for providing porous material as a sub- 
stantial barrier to microorganisms between said 
flow of gases and said humidity sensing means (7, 
8). 

17. A humidification apparatus for humidifying a gases 
flow to be supplied to a patient or other person In 
need of such gases comprising: 

humidification chamber means (1 ) and having 
an inlet (4) and an outlet (10) to allow said gases 
flow to pass through said humidification chamber 
means (1 ), 

characterised in tiiat 

chamber heating means provided adjacent 
said humidification chamber means (1) includ- 
ing wet heating means (9) adapted to vaporise 
liquid water (21) in said humidification chamber 
means (1) in order to provide water vapour to 
said gases flow passing through said humidifi- 
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cation chamber means (1) and dry heating 
means (20) adapted to directly heat said gases 
flow passing through said humidification cham- 
ber means (1), 

gases transportation pathway means (1 1) con- 
nected to said outlet (1 0) of said humidification 
chamber means (1 ) to convey said gases flow 
to said patient or other person in need of such 
gaseS) and 

control means configured to energise said wet 
heating means (9) and said dry heating means 
(20) to achieve a desired level of absolute hu- 
midity. 

18. A humidification apparatus as claimed In claim 17 
wherein said apparatus further comprising humidity 
sensing means (7, 8) for providing an indication of 
the absolute humidity of said gases flow at least one 
point in the flow path through said apparatus of said 
gases flow. 

19. A humidification apparatus as claimed in claims 17 
or 1 8 wherein said chamber heating means com- 
prises a metal spiral element (20). 

20. A humidification apparatus as claimed in claims 17 
or 1 8 wherein said chamber heating means com- 
prises a heated porons ceramic member (22) adapt- 
ed to be in contact with said liquid water and said 
gases flow. 

21. A humidification apparatus as claimed in claims 17 
or 1 8 wherein heating means comprises a heated 
semipermeable membrane (24) adapted to be in 
contact with said liquid water and said gases flow. 

22. A humidification apparatus as claimed in any one 
of claims 17 to 21 wherein said humidification 
chamber means further having a humidification by- 
pass means, for allowing a portion of said gases to 
flow to pass from said inlet (4) of said humidification 
chamber means (1) to said outlet (10) of said hu- 
midification chamber means (1) substantially with- 
out humidification. 

23. A humidification apparatus as claimed in claim 22 
wherein said humidification bypass means includ- 
ing a bypass conduit means (27) at least partially 
passing through said quantity of water (28) for con- 
veying a portion of said gases flow from said inlet 
(4) of said humidification chamber means (1)to said 
outlet (1 0) of said humidification chamber means 
(1), and a valve means (26) provided in said bypass 
conduit means (27) to thereby control the flow rate 
of the portion of said gases flow in said bypass con- 
duit means (27), the temperature of gases flowing 
through said bypass conduit means (27) being af- 
fected by the temperature of said quantity of water 

1 
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(28). 

24. A humidification apparatus as claimed in claim 17 
to 21 wherein said humidification chamber means 

5 (1) further having a bypass conduit means (33) for 
conveying a portion of said gases flow from said In- 
let (4) of said humidification chamber means (1) to 
said outlet (10) of said humidification chamber 
means (1) including a bypass heating means (58) 

10 adapted to heat the portion of said gases flow in said 
bypass conduit means (33) and/or said bypass con- 
duit means (33), and a valve means (30) provided 
in said bypass conduit means (33) to thereby con- 
trol the flow rate of the portion of said gases flow in 

15 said bypass conduit means (33). 

25. A humidification apparatus as clainied in claims 23 
or 24 wherein the restriction provided by said valve 
means (26, 30) on the flow rate of the portion of said 

20 gases flow In said bypass conduit means (27, 33) 
is In use permanently set. 

26. A humidification apparatus as claimed in claims 23 
or 24 wherein the restriction provided by said valve 

25 means (26, 30) on theflow rate of the portion of said 
gases flow in said bypass conduit means (27, 33) 
is in use manually adjustable. 

27. A humidification apparatus as claimed in claims 23 
30 or 24 further comprising flow sensing means pro- 
viding an indication of the instantaneous flow rate 
wherein said control means configured to control 
the restriction provided by said valve means (26, 
30) on the flow rate of the portion of said gases flow 

35 in said bypass conduit means (27, 33) based on 
said indication of instantaneous flow rate of said 
gases flow through said humidification chamber 
means (1 ), in order that the gases flow exiting from 
said humidification chamber means (1) is of sub- 

40 stantially constant humidity, 

28. A humidification apparatus as claimed in any one 
of claims 23 to 27 wherein said valve means com- 
prising an electromechanical actuator connected to 

45 a valve member wherein the energisation of said 
electromechanical actuator varies the position of 
said valve member thereby varying the restriction 
provided by said valve means on the flow rate of the 
portion of said gases flow in said bypass conduit 

50 means. 

29. A humidification apparatus as claimed in any one 
of claims 23 to 27 wherein said valve means com- 
prising either a valve member connected to an elas- 

55 tic member or an elastic valve member wherein said 
valve being positioned in said gases flow at said in- 
let to humidification chamber means and the posi- 
tion, of said valve member or said elasitic valve 
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member thereby determines the portion of said gas- 
es flow in said bypass conduit means. 

30. A humidlfication apparatus as claimed in claim 29 
wherein the position of said valve member or said 
elastic valve member providing an indication of the 
rate of flow of said gases flow at said Inlet to humid- 
lfication chamber means. 

31. A humidification apparatus as claimed in claim 17 
further comprising gases heating means (37) adja- 
cent to said inlet (35) of said humidification chamber 
means (1), for heating of said flow of gases prior to 
being humidified. 

32. A humidification apparatus as claimed in any one 
of claims 17 to 21 wherein said apparatus further 
comprising gases heating means (38) adjacent to 
said outlet (39) of said humidification chamber 
means (1), for heating of said flow of gases subse- 
quent to being humidified. 

33. A humidification apparatus as claimed in any one 
of claims 1 7 to 32 wherein said gases transportation 
pathway means (41 ) includes Insulation means (42) 
adapted to minimise the rate of heat energy lost by 
said gases flow in said gases transportation path- 
way means (41 ). said control means adapted to en- 
ergise said chamber heating means (138) to mini- 
mise the condensation of the vapour from said gas- 
es in said gases transportation pathway means (41 ) 
while providing predetermined levels of absolute 
humidity, 

34. A humidification apparatus for humidifying a gases 
flow to be supplied to a patient or other person in 
need of such gases comprising: 

humidification chamber means (52) and having 
an inlet (51) and an outlet to allow said gases 
flow to pass through said humidification cham- 
ber means (52), 

chamber heating means (54) provided adjacent 
said humidification chamber means (52) and 
adapted to vaporise liquid water (53) in said hu- 
midification chamber means (52) in order to 
provide water vapour to said gases flow pass- 
ingthrough said humidification chamber means 
(52), 

gases transportation pathway means (56) con- 
nected to said outlet of said humidification 
chamber means (52) to convey said gases flow 
to said patient or other person in need of such 
gases, and 

characterised In that 

regulated conduit heating means (48) are as- 
sociated with said gases transportation means and 



configured to regulate the temperature profile of 
said gases flow along said gases transportation 
pathway means (56) and/or of said gases transpor- 
tation pathway means (56), to substantially coincide 
5 with a predetermined profile. 

35. A humidification apparatus as claimed in claim 34 
wherein said regulated conduit heating means (48) 
comprising at least one section of positive temper- 
ature coefficient material wherein the localised 
electrical resistance of each said section is positive- 
ly related to the localised temperature. 

36. A humidification apparatus as claimed in claim 34 
wherein said regulated conduit heating means (48) 
comprising at least one section of negative temper- 
ature coefficient material wherein the localised 
electrical resistance of said section is negatively re- 
lated to the localised temperature. 

37. A humidification apparatus as claimed in claim 34 
wherein said regulated conduit heating means (48) 
comprising a plurality of sections of positive temper- 
ature coefficient material wherein the localised 
electrical resistance of each said section is positive- 
ly related to the localised temperature section and 
at least two electrical conductors (46, 47) running 
along said gases transportation pathway means 
(56), each said conductor (46, 47) being electrically 
connected to a separate portion of each said sec- 
tion and each said section being electrically isolated 
(50) from all other sections except for the connec- 
tion through each said conductor. 

38. A humidification apparatus as claimed in claims 34 
to 37 wherein said gases transportation pathway 
means further comprising an inspiratory conduit 
means (11) in fluid communication with said outlet 
(1 0) of said humidification chamber (1 ), a connector 
means (13) in fluid communication with said inspir- 
atory conduit means, a flexible tube extension 
means In fluid communication with said connector 
means and patient interface means in fluid commu- 
nication with said flexible tube extension means 
adapted to convey said gases flow to said patient. 

39. A humidification apparatus as claimed in claim 38 
wherein said flexible tube extension means com- 
prising flexible tube extension heating means in- 
cluding at.least one section of positive temperature 
coefficient material wherein the localised electrical 
resistance of said material is positively related to the 
localised temperature. 

55 40. A humidification apparatus as claimed in claims 38 
or39 wherein said patient interface means compris- 
ing patient interface heating means including at 
least one section of positive temperature coefficient 
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material wherein the localised electrical resistance 
of each said section of said nnaterial Is positively re- 
lated to the localised tennperature. 

41. A humidlfication apparatus as claimed in any one 
of claims 34 to 40 further comprising humidity sens- 
ing means for providing an indication of the absolute 
humidity of said gases flow at said outlet (55) of said 
humidity chamber means (52). 

42. A humidification apparatus as claimed In any one 
of claims 34 to 41 wherein further comprising tem- 
perature sensing means for providing an indication 
of the temperature of said gases flow at said outlet 

(55) of said humidity chamber means (52). 

43. A humidification apparatus as claimed in claim 34 
wherein said gases transportation pathway means 

(56) comprising a double walled inspiratory conduit 
and said regulated conduit heating means compris- 
ing the provision of warm fluid circulated between 
the Inner wall and outer wall of said double walled 
inspiratory conduit. 

44. A humidification apparatus as claimed in any one 
the claims 34 to 43 wherein said predetennined pro- 
file relates to a substantially constant temperature 
along the length of said gases transportation path- 
way means. 

45. A humidification apparatus for humidifying a gases 
flow to be supplied to a patient or other person in 
need of such gases comprising: 

humidification chamber means (60) and having 
an inlet (63) and an outlet (64) to allow said gas- 
es flow to pass through said humidification 
chamber means (60), 

chamber heating means (62) provided adjacent 
said humidification chamber means (60) and 
adapted to vaporise liquid water in said humid- 
ification chamber means (60) in order to pro- 
vide water vapour to said gases flow passing 
through said humidification chamber means 
(60), and 

characterised in that 

chamber manifold means (59) Including mount- 
ing means (72, 73) in use housing at least one 
sensing means in proximity to said outlet of said 
humidification chamber means, said chamber 
manifold means configured to connect: 
said inlet (63) of said humidification chamber, 
means (60) to a supply conduit means (65) said 
supply conduit means (65) in use in fluid com- 
munication with a gases supply means for sup- 
plying said gases flow at a desired pressure, 



and/or 

said outlet (64) of said humidification chamber 
means (60) to a gases transportation pathway 
means (66) for conveying said gases flow to 
5 said patient or other person in need of such 

gases. 

46. A humidification apparatus as claimed in claim 45 
wherein said chamber manifold means (59) further 
10 including chamber manifold heating means adapt- 
ed to heat said gases flow through said chamber 
manifold means (59) and/or said chamber manifold 
means (59). 

15 47. A humidification apparatus as claimed in claims 45 
or 46 wherein said chamber manifold means (59) is 
attachable to and removable from said humidifica- 
tion chamber means (60). 

20 48. A humidification apparatus for humidifying a gases 
flow to be supplied to a patient or person in need of 
such gases as herein described with reference to 
and as illustrated by the accompanying drawings. 



12 



BNSDOCID: <EP 1 138341 A2_l_> 



EP 1 138 341 A2 



2 




Figure 5 Figure 6 



BNSDOCID: <EP 1 138341 A2_l_> 



BEST AVAILABLE COPY 



EP 1 138 341 A2 




Figure 7 Figure 8 




Figure 10 




Figure 1 1 



BEST AVAILABLE COPY 

14 



BNSDOCID: <EP 1138341A2_I_> 



EP 1 138 341 A2 




BEST AVAILABLE COPY 

15 

BNSDOCID: <EP 11 38341 A2J_> 



THIS PAGE BLANK (uspto) 



(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



llililllllllllllllllillliillllllllllilll 

(11) BP 1 138 341 A3 

EUROPEAN PATENT APPLICATION 



(88) 


Date Of publication A3: 


(51) Intci7: A61M 16/10, A61M 16/16 




13.08.2003 Bulletin 2003/33 






(43) 


Date of publication A2: 








04.10.2001 Bulletin 2001/40 






(21) 


Application number: 01106827.7 






(22) 


Date of filing: 19.03.2001 






(84) 


Designated Contracting States: 


(72) 


Inventors: 




AT BE CH CY DE DK ES Fl FR GB GR IE IT Li LU 


• 


Seakins, Paul John 




IWC NL PT SE TR 




Pakuranga, Auckland (NZ) 




Designated Extension States: 


• 


Smith, Malcolm David 




AL LT LV MK RO Si 




Royal Oak, Auckland (NZ) 






• 


Thudor, Mohammad 


(30) 


Priority: 21 .03.2000 NZ 50349500 




Parneil, Auckland (NZ) 


(71) 


Applicant: FISHER & PAYKEL LIMITED 


(74) 


Representative: Brown, John David 




Auckland (NZ) 




FORRESTER & BOEHMERT 








Pettenkoferstrasse 20-22 








80336 MQnchen (DE) 



(54) Humidification apparatus 

(57) A humidifier and liumidity sensor is disclosed 
for use with a breathing assistance apparatus. The hu- 
midity sensor preferably Includes means to sense ab- 
solute humidity, relative humidity and/or temperature at 
both the patient end and humidifier end. The humidifier 



may also include provision to both control independently, 
the humidity and temperature of the gases. Further, a 
chamber manifold is disclosed to facilitate easy connec- 
tion of the humidifier to various outlets, inlets and sen- 
sors. A heated conduit is described which provides a 
more effective temperature profile along its length. 
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The Seamh Dh/ision oonslders thai the present European patent apf^icalion does not comply the 
requirements of ufvtf of Invention and relates to several inveritions or groups of Inventions, namety: 

1. Claims: 1-16 

Apparatus for hunridlfyin^ a gases flow to be supplied to a 
patient or other person in need of such gases ccmprising 
humidifi cation chandler means and having an inlet and an 
outlet to allow said gases flow to pass through said 
humidifi cation chamber means » chamber heating means 
pr\)vided adjacent said hinnidifi cation chamber means and 
adapted to vaporise liquid water in said humidifi call on 
chandter means in order to provide water vapour to said gases 
flow passing through said humidifi cation chamber means* a 
gases transportation pathwav means connected to said outlet 
of said hiffnidifi cation chamer means to convey said gases 
flow to said patient, whereby hunidity sensing means 
configured to provide an indication of the absolute humidity 
of said gases flow at least at one point In the flow path 
through said apparatus of said gases flow. 



2. Claims: 17-33 

A humidifi cation apparatus for humidifying a gases flow to 
be supplied to a patient or other person in need of such 
oases comprising humidifi cat Ion chamber means and having an 
inlet and an outlet to allow said gases flow to pass through 
said hi^idifi cation chamber means^ whereby said chatnber 
heating means provided adjacent said humidifi cation chafli>er 
means including wet heating means adapted to vaporise liquid 
water in said humidifi cation chamber means' in order to 
provide water vapour to said gases flow passing through said 
humidifi cation chamber means and dry heating means adapted 
to directly heat said gases flow passing through said 
humidifi cation chandser means » gases transportation pathway 
means connected to said outlet of said humidifi cation 
chantber neans to convey said gases flow to said patient or 
other person in need of such gases, and control means 
configured to energise said wet heating means and said dry 
heating means to achieve a desired level of absolute 
humidity. 



3. Claims: 34-44 

A humidifi cation apparatus for humidifying a gases flow to 
be supplied to a patient or other person in need of such 
gases comprising humidifi cation chamber means and having an 
inlet and an outlet to allow said gases flow to pass through 
said humidifi cation chamber means, chamber heating means 
provided adjacent said hunidifi cation chanter means and 
adapted to vaporise liquid water in said humidifi cation 
chamber means in order to provide water vapour to said gases 
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flow passing through said humidifi cation chaiiber means, 
gases transportation pathway means connected to said outlet 
of said humidifi cat! on chanter means to convey said gases 
flow to said patient or other person in need of such gases, 
and whereby regulated conduit heating nieans are associated 
with said gases transportation means and configured to 
regulate the tenperature profile of said gases flow along 
said gases transportation pathway means and/or of said gases 
transportation pathway means, to substantially coincide with 
a predetermined profile. 



4. Claims: 45-47 

A hunidifi cation apparatus for humidifying a gases flow to 
be supplied to a patient or other person in need of such 
oases conmri sing hunidifi cation chamber means and having an 
inlet and an outlet to allow said gases flow to pass through 
said himridifi cation chanter means ^ chamber heating means 
provided adjacent said humidifi cation chamber means and 
adapted to vaporise liquid water in said huffnidifi cation 
chancer means in order to provide water vapour to said gases 
flow passing through said humidifi cat ion chamber means, and 
whereby chantber manifold means including mounting means in 
use housing at least one sensing means in proximity to said 
outlet of said himiidifi cation chamber means» said chairoer 
manifold means configured to connect said inlet of said 
humidifi cation chamber means to a supply conduit means said 
supply conduit means in use in fluid commini cation with a 
gases supply means for supplying said gases flow at a 
desired pressure, and/or said outlet of said hiamdifi cation 
chanter means to a gases transportation pathway means for 
conveying said gases flow to said patient or other person In 
need of such gases. 



8 



BNSDOCID: <EP 1 1 38341 A3_L> 



EP1 138 341 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 01 10 6827 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

23-06-2003 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publbaticn 
date 



JP Q9234247 



09-09-1997 NONE 



JP 05317428 A 


03-12-1993 


OP 


2654887 


B2 


17-09-1997 


WO 9826826 A 


25-06-1998 


AU 


4833197 


A 


25-06-1998 






AU 


5233198 A 


15-07-1998 






WO 


9826826 Al 


25-06-1998 






US 




A 

A 




US 5392770 A 


28-02-1995 


NONE 








US 5346128 A 


13-09-1994 


AU 




A 


02-02-1995 






CA 




Al 


23-01-1995 


US 4060576 A 


29-11-1977 


US 


4051205 


A 


27-09-1977 






AU 


1018376 


A 


14-07-1977 






AU 


473258 


82 


17-06-1976 






AU 


5942273 


A 


20-02-1975 






CA 


101G359 


Al 


17-05-1977 






DE 


2345677 


Al 


28-03-1974 






ES 


418736 


Al 


01-06-1976 






FR 


2198758 


Al 


05-04-1974 






bD 


1448474 


A 


no no 1 






GB 


1448473 


A 


08-09-1976 






IT . 


998583 


B 


20-02-1976 






JP 


952478 


C 


25-05-1979 






JP 


50012896 


A 


10-02-1975 






JP 


53026080 


B 


31-07-1978 






NL 


7312339 


A .8. 


15-03-1974 






SE 


407151 


B 


19-03-1979 






ZA 


7305803 


A 


28-08-1974 


EP 0885623 A 


23-12-1998 


AU 


729862 


B2 


08-02-2001 






AU 


7195G98 


A 


24-12-1998 






CA 


2240812 


Al 


17-12-1998 






CN 


1210020 


A 


10-03-1999 






EP 


0885623 


A2 


23-12-1998 






JP 


11057009 


A 


02-03-1999 






JP 


2003000716 


A 


07-01-2003 






JP 


2003010334 


A 


14-01-2003 






JP 


2002345965 


A 


03-12-2002 






US 


2002139367 


Al 


03-10-2002 






us 


6349722 


Bl 


26-02-2002 






us 


2002129815 


Al 


19-09-2002 


EP 0985422 A 


15-03-2000 


EP 


0985422 A2 


15-03-2000 



i 

s _ _ _____ 

lu For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



BNSDOCID: <EP 1138341A3_L> 



EP1 138 341 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT cr» m in ;ia57 

ON EUROPEAN PATENT APPLICATION NO. EP 01 10 6827 



This annex lists the patent family members relating lo the patent documents cited In the above-mentioned European search report. 

23-06-2QO3 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



EP 0985422 



OP 2000084080 A 
US 6397846 Bl 



US 5062145 



29-10-1991 



NZ 
NZ 
AU 
AU 
DE 
FR 
GB 
GB 
OP 



US 3695267 



83-10-1972 



US 4722334 



02-02-1988 



EP 0672430 



20-09-1995 



DE 


1933350 Al 


DE 


2020435 Al 


AT 


318797 B 


AT 


312154 B 


BE 


752749 Al 


CA 


923005 Al 


CH 


545113 A 


CH 


507715 A 


DK 


127228 B 


ES 


381285 Al 


FR 


2056428 A5 


GB 


1310949. A 


LU 


61211 Al 


NL 


7009418 A 


NL 


7202911 A 


NO 


127435 B 


AU 


4960585 A 


AU 


5757390 A 


CA 


1249190 Al 


EP 


0228374 Al 


NZ 


213826 A 


WO 


8700423 Al 


US 


4953546 A 


US 


4955372 A 


AU 


1486195 A 


EP 


0672430 A2 


OP 


8109984 A 


US 


5640951 A 



EP 0258928 



09-03-1988 



BE 
DE 



905330 A2 
3774510 Dl 



Publication 
date 



28-03-2000 
04-06-2002 



226392 A 28-10-1992 

226784 A 28-10-1992 

614875 B2 12-09-1991 

4175189 A 05-04-1990 

3932766 Al 05-04-1990 

2636845 Al 30-03-1990 

2223694 A ,B 18-04-1990 

2252515 A .B 12-08-1992 

2193680 A 31-07-1990 



21-01- 
11-11- 

11- 11- 
27-12- 
01-12- 

20- 03- 
15-12- 
31-05- 
08-10- 
01-04- 
14-05- 

21- 03- 
25-08- 
05-01- 

12- 06- 
25-06- 



1971 
1971 
1974 
1973 
1970 
1973 
1973 
1971 
1973 
1973 
1971 
1973 
1970 
■1971 
■1973 
•1973 



10- 02- 

11- 10- 
24-01- 
15-07- 

28- 07 

29- 01 
04-09 
11-09 



1987 
■1990 
■1989 
1987 
•1988 
■1987 
■1990 
-1990 



21-09-1995 
20-09-1995 
30-04-1996 
24-06-1997 



16-12-1986 
19-12-1991 



uj For more 



details about this annex : see Otflcial Journal of the European Patent Office, No. 12/82 



10 



BNSDOCID: <EP ;i138341A3J_> 



EP 1 138 341 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 01 10 6827 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

23-06-2003 



Patent document 


Publication 


Patent fannily 


Publication 


cited in search report 


date 


member(s) 


date 



EP 0258928 A EP 0258928 Al 09-03-1988 

ES 2027282 T3 01-06-1992 



GB 


1167551 


A 


15-10- 


■1969 


CA 


949636 A2 


18-06-1974 












DE 


1565888 Al 


16-04-1970 












FR 


1510940 A 


26-01-1968 












GB 


1168770 A 


29-10-1969 












NL 


6616002 A 


02-06-1967 


DE 


4034611 


A 


07-05- 


1992 


DE 


4034611 


Al 


07-05-1992 


US 


5529060 


A 


25-06- 


1996 


NONE 








US 


4013122 


A 


22-03- 


1977 


NONE 








su 


379270 


A 


20-04- 


1973 


SU 


379270 Al 


20-04-1973 


us 


4574188 


A 


04-03- 


1986 


AT 


77527 


T 


15-07-1992 












CA 


1207366 


Al 


08-07-1986 












DE 


3382581 


01 


23-07-1992 












DE 


3382581 


T2 


02-03-1995 












EP 


0092406 


A2 


26-10-1983 












GB 


2118810 


A ,B 


02-11-1983 












GB 


2163330 


A .B 


19-02-1986 












HK 


. . 39388 


.A 


03-06-1988 












HK 


39588 


A 


03-06-1988 












IN 


159153 


Al 


04-04-1987 












JP 


1828987 


C 


15-03-1994 












JP 


5026316 


B 


15-04-1993 












JP 


59063690 


A 


11-04-1984 












KR 


9104275 


81 


25-06-1991 












US 


4659913 


A 


21-04-1987 












US 


4582983 


A 


15-04-1986 












US 


4791276 


A 


13-12-1988 



i 

o 
o 

ui For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



BNSDOCID: <EP 1 138341 A3_L> 



11 



THIS PAGE BLANK (uspto) 



